Chitosan-based biologicals and chemicals have been proved to possess antiviral, antibacterial and antimycotic activity, and be able to stimulate plant immunity. In field trials (Tashkent region, Uzbekistan, 2015Uzbekistan, -2016 we first evaluated an impact of seed encapsulation with UzChitan, chitosan ascorbate and Cu 2+ -chelating chitosan synthesized by the authors' method in the Institute of Chemistry and Polymer Physics of the National University of Uzbekistan (NUUz, Tashkent) from waste of silkworm cocoon processing on photosynthetic activity at wilt (Verticillium dahliae) artificial infection and in wilt-free (healthy) crops of cotton (Gossypium L., 1753) variety Sultan. It was found that wilt-affected control plants (non-treated with chitosan derivatives) had higher specific leaf weight (SLW index), their chlorophyll content was reduced and rates of respiration and apparent photosynthesis were depressed in comparison with healthy control plants. Chlorophyll content in infected control plants was decreased by 27-30 % in terms of mg/g. Meanwhile, all plants from pretreated seeds contained more chlorophyll compared to control: the pigment content (mg/g of dry matter) was 25.5 and 17.7 % higher when ascorbate and Cu 2+ -chelating chitosan used. Chlorophyll content in leaves did not vary significantly in absence of the pathogen. The apparent photosynthesis rate in control under wilt was reduced by 33 % (0.161±0.027 against 0.245±0.028 mol O 2 Ÿm  2 Ÿsec  1 ). That corresponds to toxic effect of pathogen which penetrates through roots and goes up into top parts of plants, damages their phloem system, disturbs water transport, and destroys chlorophyll and leaf tissues. Besides, some tendency to respiration rate inhibition was observed for non-treated cotton plants under wilt infection (by 22 % compared to control plants from the healthy field). Net-oxygen production (apparent photosynthesis) rates in the treated groups were higher as compared to control plants under wilt; the best results were shown by ascorbate and Cu 2+ -chelating chitosan (54 and 46 % higher, respectively). Respiration rates did not differ significantly in all groups under wilt. Oxygen balance (OB) index, estimated as ratio between measured oxygen net-production and oxygen consumption rates, which reflects physiological status of plants under biogenic stress (including pathogen fungi), did not change significantly in a healthy environment when chitosan derivatives used. Under wilt, the plants from pre-treated seeds possessed higher OB indices than the corresponding control plant from the same field. Thus, the OB values with ascorbate and Cu 2+ -chelating chitosan were higher compared to control by 36 and 52 %, respectively. Our findings indicate that in case the cotton seeds were pre-treated with chitosan derivatives, the oxygen production, oxygen consumption and OB indices were not significantly different in the pathogen-affected and unaffected plants. Thus we can conclude about a nonspecific resistance of cotton plants to wilt (Verticillium dahliae) induced by chitosan derivatives, and reduction of toxic effects of the pathogen which manifests itself in decreasing respiration and photosynthesis rates. Possibly, it is a result of non-specific elicitor activity of chitosan and its derivatives, or their ability, due to natural polycation properties, to stimulate plants to produce specific antifungal metabolites -reactive oxygen species and phytoalexins triggering subsequent defense mechanisms. Currently, using elicitors for plant immunity correction are considered promising as they contribute to formation sustainable agrophytocenosis with high adaptiveness and yield production.
Poly-(1-4)-2-amino-2-deoxy--D-glucan (chitosan) is a common natural mucopolysaccharide. It can be derived from deacetylation of chitin, which is a component of the cell wall of some fungi, the exoskeleton of crustaceans, insects and worms [1] . Due to the high biological activity, chitin, chitosan and their derivatives are widely used in biomedicine and agriculture [1, 2] , in particular, in plant growing to protect plants against pests and diseases, for the biological control of pathogens by activating the action of antagonistic microorganisms, to enhance favorable interactions between the plant and a symbiotic microorganism, for regulating plant growth, and to increase crop yield. Preparations obtained from chitosan and its derivatives are used in the pre-planting treatment of the seeds, they are introduced into the soil, or used to spray plants or harvest [1, [3] [4] [5] [6] . Chitosan is safe for humans, farm animals, and the environment since it naturally decomposes with associated formation of the simple monosaccharide D-glucosamine [1, 7] .
It is shown that chitosan-based formulations possess antiviral, antibacterial and antimycotic activities, and are able to stimulate the immune system of the plants [1, 3, [5] [6] [7] [8] . For example, increased disease resistance has been established in rice, tobacco, yam [2] , tomato [9] , soybean [10] , cotton [11] , wheat, barley [2, [12] [13] [14] [15] , carrots [2, 14] , cucumber, and potato [8, 14] . Pre-planting seed treatment and spraying of plants lead to the oppression of grey leaf spot (Pyricularia grisea) [1, 16] , root rot caused by Fusarium spp. [1, 9-11, 13, 14] , Bipolaris spp. [13, 17] , to the suppression of late blight (with Phythophtora parasitica and Phytophthora infestans being causative agents [Mont.] De Bary) [14] , dark brown or net blotch (Bipolaris sorociniana, Drechslera teres), Septoria spot (Septoria nodorum), dusty smut (Ustilago nuda), leaf rust (Puccinia recondita), leaf mold (Cladosporium herbarum), Alternaria spot (Alternaria tenuis) [12, 13, 17, 18] . The antimicrobial effect of chitosan oligomers is related to their ability to influence the reproductive mechanism in microorganisms [7] and augment the antibiotic susceptibility. Low molecular weight chitosan is the most active against a number of bacteria, while highly deacetylated chitosans are the most effective antimicrobial agents [1, 2, 7] .
Chitosan is assigned to strong elicitors, i.e. substances that induce innate immunity in plants, causing the accumulation of antipathogenic substances by increasing expression of the protective genes [1, 2, 19, 20] . It is considered that chitosan elicitor activity is based on the presence of N-acetylglucosamine residues in its molecule, capable to interact specifically with receptors on the plant cell surface, as well as on their non-specific interaction with external and internal cellular components [1, 2] . Polycationic nature of chitosan enables it to bind to negatively charged cytoplasmic membrane via electrostatic interactions, penetrate into the cytoplasm and the nucleus, interact with nucleic acids by disrupting normal DNA binding to histones and causing breaks of DNA strands [21] . Changes in DNA can become a signal to activate the repair processes and transcription of the protective genes. Chitosan, being a polycation, is also allegedly able to block viral replication by directly interacting with a negatively charged virus RNA [8] . Chitosan and its positively charged derivatives promote the production of antifungal metabolites in plants, in particular reactive oxygen species and phytoalexins [9, 20] . The antiviral effect of chitosan is also associated with the ability to increase the content of reactive oxygen species that can destroy the protein coat or the genomic RNA of the virus [8] . Non-specific action of glucosamine residues underlies the ability of chitosan to inhibit infection regardless of the pathogen [2] . The combined (specific and non-specific) effects of chitosan allow the plant to reliably capture the chitosan signal and activate defensive reactions with different mechanisms of activation and action [2] .
Plant yielding capacity and biological productivity are determined by a combination of complex interactions between physiological (photosynthesis, growth and respiration) and biochemical processes, environmental conditions and agricultural methods of cultivation, while the major role in the crop formation is assigned to photosynthesis.
As one of the manifestations of verticullium vilt in plants is leaf damage, their shrinkage and abscission, it seemed interesting for us to study some of the indicators of the leaf blade state, chlorophyll content, respiration rate and apparent photosynthesis in cotton plants affected by wilt, using PlantVital_5030 device, which allows to quite promptly perform instant diagnosis. Such investigations on cotton plant were made for the first time. Here, we have assumed that the indices that characterized important physiological processes, such as photosynthesis and respiration, objectively reflected the physiological state of the plant and, consequently, the efficacy of chitosan preparations for increasing the resistance of plants to this pathogenic fungus.
The objective was to study the effects of chitosan-based products on the photosynthetic activity in wilt affected plants.
Technique. The field trials (Tashkent region, Uzbekistan, 2015-2016) were carried out on the Sultan variety of cotton plant. Before planting, the seeds were treated with chitosan derivatives using an encapsulation technique [11] . All the products used in the investigation were synthesized in the Institute of Chemistry and Polymer Physics of the National University of Uzbekistan (NUUz, Tashkent) from the waste of silkworm cocoon processing obtained by the proprietary methodology. The four following plant groups were investigated: group I included control plants (with no pre-planting treatment); groups II, III and IV included plants treated with UzChitan (a mixture of chitosan solution and sodium carboxymethyl cellulose), chitosan ascorbate and Cu 2+-chelating chitosan complex, respectively. In each group, one part of the plants was grown on artificially infected soil (Verticillium dahliae), and the other one on the wilt-free (uncontaminated) soil. In mid of the vegetation season in the active phase of the flowering (late August), top and well illuminated leaves from the 3 rd and 4 th internodes (counting from the top) were taken at 7:30 am for the investigation.
A conventional weight method (drying at 105 C) was used to measure water content in the leaves [22] , with further calculation of leaf mass per area (LMA) [23] .
The amount of a and b chlorophylls were determined spectrophotometrically (Spectroquant NOVA400, Merck, Germany) [24, 25] after rapid homogenization of the leaf cuttings, dried at room temperature, in a porcelain mortar and the extraction using 85 % cold aqueous solution of acetone. The content of chlorophylls (on a wet weight basis, on a dry weight basis, as well as per 1 cm 2 of the leaf surface) was calculated by the Roebbelen method.
The rate of oxygen absorption by leaves at night and the rate of oxygen release in the light (apparent photosynthesis) were measured using a PlantVital_5030 apparatus (INNO-Concept GmbH, Germany) and a Clark-type electrochemical sensor (MF 41-INN Sensortechnik Meinsberg) at a temperature of 27 С. An investigated sample was illuminated by a diode which operated in the red spectrum ( = 635-650 nm). Oxygen balance was calculated as the ratio of the apparent photosynthesis to the rate of respiration at night [26] [27] [28] .
The data were processed using the Ori-ginPro 7.5 software (OriginLab Corp., USA). The figures and the table show mean values of at least 20 measurements and their standard deviations. The significance of differences between mean values was calculated by single-factor analysis of variance (ANOVA) at a significance level of P = 0.05. The paper discusses the significant differences that meet P < 0.05.
Results. Many researchers indicate a significant reduction in the photosynthetic activity in plants affected by pathogenic fungi that may be associated with a decrease in the assimilation surface due to necrosis of the leaf tissues or proliferation of the mycelium, the destruction of chloroplasts, reduction in the chlorophyll content, and abnormal efflux of photosynthetic products because of the phloem damage [29] [30] [31] . Meanwhile, the positive effects of chitosan on plant growth and development have been described, in particular the effect on the content of photosynthetic pigments. It has been shown that the introduction of chitosan into the soil in the early stages of development of soybean, beans, tomato, rice, lettuce enabled to enhance the growth of roots and shoots, increase the leaf size and the chlorophyll content, resulting in higher yields [32, 33] .
The ratio of the dry weight of the leaf blade to its area is an indicator, which is sensitive to many factors (lighting, level of water supply, pathogens, etc.). In our experiment, leaves affected with wilt became more dense, rough and heavy, the blade was thickened. Specific leaf mass in the control (10.8 mg/cm 2 ) increased by approximately 30 % compared to that in plants grown without infection (8.3 mg/cm 2 ). On average, there was 10.7 mg of dry matter per 1 cm 2 of the leaf blade in plants affected with wilt, which exceeded by 14.5 % the same parameter in uninfected plants (i.e. 9.4 mg/cm 2 ) (Fig. 1) . In plants treated with chitosan ascorbate and chelating chitosan complex, this parameter was lower than in the controls with wilt. However, the water content in the leaves of the investigated plants did not differ significantly and averaged to 64.63±2.03 %. The lower the specific leaf mass, the less photosynthetic products are spent by the plant to form the foliage and the faster the plant is growing and developing [23] . Taking into account that cotton wilt affects the vascular system of plants, violates the water exchange and, eventually, leads to leaf drying, it can be assumed that Verticillium dahliae causes an increase in the specific leaf mass mainly due to the slowdown of the efflux of assimilates and their accumulation in the leaf.
Of note, under the use of chitosan ascorbate, dry matter content in the leaves was almost the same in plants grown on the "pure" and infected fields (10.2 and 10.1 mg/cm 2 , respectively).
Expectedly, the content of chlorophyll pigments in the plants not infected with Verticillium was higher (Fig. 2) . Under inoculation the total amount of chlorophyll a and b in the control was reduced by 10 % (per cm 2 of the leaf surface) or 27-30 % (per gram of dry weight) as compared to control in the absence of infection. On average, the chlorophyll level in the artificially infected plants was lower than in the uninfected ones (by 13 % or 52.45±2.20 vs. 59.31±3.05 μg/cm 2 , and 27 % or 4.90±0.46 vs. 6.35±0.35 mg/g dry weight). In wilt disease, the chlorophyll content after the pre-treatment with biopolymers was higher than in the control: by 25.5 % and 17.7 % (per gram of dry weight) for ascorbate or chelating complex, respectively, and by 15.0 % and 16.0 % (per leaf area unit) for UzChitan or ascorbate (see Fig. 2) .
Changes in the amount of chlorophyll in non-infected cotton plants were statistically not significant. This suggests that chitosan and its derivatives did not have a direct stimulating effect on the photosynthetic apparatus, and a positive effect in wilt-affected plants was associated with inhibition of the pathogen and improvements in general physiological state of the plant.
We revealed that at wilt infection the rate of photosynthesis decreased by about 33 %, i.e. down to 0.161±0.027 vs. 0.245±0.028 μmol О 2 Ÿm  2 Ÿsec  1 , in the control plants, which were not pretreated with chitosan-based products (see Table) . This is related to a toxic effect of the pathogen that penetrates through the roots and moves through the plant vascular system upwards to leaves and the growing point, causing violations in the water exchange, degradation of pigments and leaf withering.
Statistical analysis of the mean measurements of the leaf respiration rate in the control groups showed statistically not significant differences (P < 0.05), however, the downward trend of this indicator should be noted at wilt infection (by 22 %) (see Table) . The observed decrease in the rate of photosynthesis and respiration may also be a consequence of the closing of stomata resulted from Verticillium wilt. When chitosan products were applied for seed pre-planting treatment, the average rate of apparent photosynthesis (net production of oxygen) in the cotton plants affected by Verticillium wilt was higher as compared to that in the untreated control (see Table) . The highest results were observed in the plants grown from seeds treated with chitosan ascorbate and chitosan chelating complex, i.e. by 54 % and 46 %, respectively. The difference in the rate of dark respiration under artificial infestation with Verticillium in all control and test variants was statistically not significant at the 5 % significance level.
In plants grown without artificial infestation, the observed differences in the rates of apparent photosynthesis and dark respiration were statistically not significant as compared to control. Additionally, with pre-treatment with chitosan and its derivatives, the same parameters under infestation were not significantly different from those in the respective group without infection. It can be concluded that the pre-planting treatment with biopolymers contributed to enhancing the immune status of the plants, and as a result we did not reveal pathological manifestations of the Verticillium infection in leaves and changes in the photosynthetic activity.
Previously, it has been shown that the ratio of the photosynthesis rate to respiration rate (oxygen balance index -OBI) can be used to characterize the physiological state of an adult plant under biogenic (nutrient) stress [27, 28] . In the absence of a pathogen (see Table) , we have not found statistically significant changes in OBI when compared to control. However, under wilt pathogen infestation, the plants grown from seeds pre-treated with chitosan derivatives had higher OBI values than those without treatment. In particular, the use of chitosan ascorbate and chitosan chelating complex resulted in the increased OBI values (by 36 % and 52 % compared to control, respectively; a significance level of 5 %), reaching the OBI values found in the plants without infection. This may indicate an increase in plant resistance due to treatment with chitosan or its derivatives, and a termination of negative effects of the pathogen which depressed respiration and photosynthesis.
Thus, our results show the efficacy of pre-planting treatment (encapsulation) of cotton seeds with chitosan and its derivatives (chitosan ascorbate and Cu 2+ -chelating chitosan complex) to increase the immunity of cotton plants and develop resistance to Verticillium dahliae, the causative agent of wilt. Under wilt infection, the plants demonstrated an increased leaf mass per unit area, reduced content of chlorophyll level, decreased rates of respiration and photosynthesis. When seeds were pre-treated with tested products, the negative effect of the pathogen was not observed, and the content of chlorophyll, rates of photosynthesis and respiration did not differ significantly from those in non-infected plants. The products did not cause statistically significant changes in plants in the absence of Verticillium pathogen. These effects may be due to elicitor activity of chitosan and its derivatives and/or stimulation of specific antifungal metabolites -reactive oxygen species and phytoalexins. Chitosan ascorbate and Cu 2+ -chelating chitosan complex demonstrated the highest efficacy. This exciting new conference celebrating the 40 th anniversary of the leading international journal Food Chemistry will bring together experts and young researchers from academia, research centers, and industry to debate on the latest scientific advances in the field of food chemistry that help to shape current and future challenges in food quality, food safety, and health aspects of the food chain. These challenges are also intimately linked to the wider EU Horizon 2020 Societal Challenges related to health, food security, sustainable agriculture, maritime research and the bioeconomy.
Information: http://www.foodchemistryconference.com/
